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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection aligner 
wherein a control precision for exposure value is prevented 
from degrading, which is caused by irradiation fluctuation (or 
pulse energy fluctuation) on a substrate which is generated by 
transmittance fluctuation of a projection optical system. 
SOLUTION: The light quantity of ultraviolet pulse light IL 
incident on a projection optical system PL is measured through 
an integrator censor 9, the light quantity or the ultraviolet pulse 
light IL transmitting the projection optical system PL is 
measured through an irradiation amount monitor 32, and the 
amount of transmission light is divided by an incident light 
amount, thus calculating the transmittance of the projection 
optical system PL. With the transmittance obtained as a 
function of an integration value of the incident light quantity, 
the integration value of the incident light quantity measured 
through the integrator sensor 9 is substituted for the function 
at exposure to estimate the transmittance of the projection 
optical system PL, and, according to the transmittance, the 
output of, for example, an excimer laser light source 1 is 
controlled for controlling an exposure value. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the projection aligner equipped with the illuminating system which irradiates the pattern 
formed in the mask by the predetermined exposure energy beam of an ultraviolet area, and the projection 
optical system which projects the image of the pattern of said mask on a substrate The amount measurement 
system of incidence energy which measures the amount of incidence energy to said projection optical 
system, The amount addition system of incidence energy which integrates the measurement value of this 
amount measurement system of incidence energy, and calculates the total amount of incidence energy to 
said projection optical system, The amount measurement system of injection energy which measures the 
amount of injection energy from said projection optical system, The permeability property storage section 
which memorizes the rate of change over said total amount of incidence energy of the permeability of said 
projection optical system computed based on the measurement result of said amount measurement system of 
incidence energy, said amount addition system of incidence energy, and said amount measurement system 
of injection energy, The rate of change of the permeability memorized by this permeability property storage 
section, and the operation system which computes the permeability of said projection optical system serially 
based on the output of said amount addition system of incidence energy, The projection aligner 
characterized by establishing the light exposure control system which controls the light exposure of said 
exposure energy beam irradiated on said substrate through said projection optical system according to the 
permeability computed by this operation system from said illuminating system. 

[Claim 2] It is a projection aligner according to claim 1 . Said permeability property storage section Besides 
the rate of change over said total amount of incidence energy of the permeability of said projection optical 
system The rate of change of the permeability of said projection optical system over the elapsed time after 
interrupting the exposure of said exposure energy beam is memorized. Said operation system The projection 
aligner characterized by computing the permeability of said projection optical system serially based on the 
elapsed time after interrupting the output of two kinds of rate of change of the permeability memorized by 
said permeability property storage section, and said amount addition system of incidence energy, and the 
exposure of said exposure energy beam. 

[Claim 3] The projection aligner characterized by having the stage system which is a projection aligner 
claim 1 or given in two, and moves said mask and said substrate, respectively, and carrying out the 
synchronous scan of said mask and said substrate relatively to said projection optical system through said 
stage system at the time of exposure. 

[Claim 4] Scanning said mask to said projection optical system through said stage system like the time of 
actual exposure, in case it is the exposure approach using a projection aligner according to claim 3 and the 
transmission of said projection optical system is measured The measurement value by said amount 
measurement system of incidence energy and said amount measurement system of injection energy is 
incorporated. The permeability of said projection optical system is computed by amending this measurement 
value that was crowded picking by the pattern abundance of said mask. The exposure approach 
characterized by controlling the light exposure of said exposure energy beam to said substrate based on the 
transmission amended and obtained by the pattern abundance of said mask at the time of the exposure to 
said substrate. 

[Claim 5] The 1st process which is the manufacture approach of the circuit device for manufacturing a 
predetermined circuit device using a projection aligner claims 1 and 2 or given in three, and applies sensitive 
material on said substrate, Based on the rate of change of the permeability memorized by said permeability 
property storage section, and the output of said amount addition system of incidence energy, the 
permeability of said projection optical system is serially computed through said operation system. 
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Controlling the light exposure of said exposure energy beam irradiated by said light exposure control system 
on said substrate through said projection optical system according to the this permeability computed from 
said illuminating system The manufacture approach of the circuit device characterized by having the 2nd 
process which exposes the pattern image of said mask to each shot field on said substrate, the 3rd process 
which performs development of said substrate, and the 4th process which forms a circuit pattern in each shot 
field on said substrate after this development, respectively. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the projection aligner used in order to imprint a mask 
pattern on a substrate through a projection optical system at the lithography process for manufacturing a 
semiconductor device, a liquid crystal display component, or the thin film magnetic head, the exposure 
approach using this projection aligner, and the manufacture approach of the circuit device using this 
projection aligner. 
[0002] 

[Description of the Prior Art] Since it corresponds to improvement the degree of integration of a 
semiconductor device, and whenever detailed, in the aligner which bears the lithography process (it consists 
of a resist spreading process, an exposure process, and a resist development process typically) for 
manufacturing a semiconductor device, it is required that resolution, imprint fidelity, etc. should be raised 
more. Thus, in order to raise resolving power and imprint fidelity, it is necessary to carry out light exposure 
control for exposing the resist first applied on the wafer as a substrate with proper light exposure to high 
degree of accuracy. 

[0003] Now, in the manufacture site of a semiconductor device, the cutback projection aligner (stepper) of a 
step-and-repeat method using the cutback projection optical system it is 1/5 time whose projection scale 
factor from reticle to a wafer of this is mainly used abundantly among the bright lines of a mercury electric- 
discharge lamp considering i line with a wavelength of 365nm as illumination light for exposure. Moreover, 
in order to avoid that the projection visual field of a cutback projection optical system becomes extremely 
large as a trend for the past several years with enlargement of the size (chip size) of the circuit device 
formed on a wafer By carrying out constant speed scanning to a cutback scale factor with the same velocity 
ratio in the direction which corresponds a wafer within the visual field by the side of the image surface of 
the projection optical system, carrying out constant speed scanning of the reticle in the predetermined 
direction within the visual field by the side of the body side of the projection optical system The cutback 
projection aligner of step - which carries out scan exposure of the overview of the circuit pattern of reticle to 
each field on a wafer, and - scanning method also attracts attention. 

[0004] In the conventional light exposure control, the permeability to the illumination light for exposure of a 
projection optical system had calculated the light exposure in the front face of a wafer for a short time as 
what is not changed using the permeability of the projection optical system measured at a certain event for 
example, in front of exposure from the quantity of light and the permeability of the illumination light which 
branched within the illumination-light study system. And the exposure time was controlled so that the 
integrated value of the light exposure calculated would turn into a predetermined value, if it was a stepper, 
and when it was step - and - scanning method, the output of the light source or the scan speed was controlled 
so that the light exposure calculated became a fixed value. 
[0005] 

[Problem(s) to be Solved by the Invention] Recently, in order to short-wavelength-ize exposure wavelength 
and to heighten resolution more, the projection aligner of the step-and-repeat method which used ultraviolet 
pulsed light with a wavelength [ from an excimer laser ] of about 250nm or less as illumination light for 
exposure, step -, and - scanning method is developed, and the projection aligner which used the KrF excimer 
laser with a wavelength of 248nm is beginning to be completely fed into a production line. Furthermore, the 
ArF excimer laser which outputs ultraviolet pulsed light with a wavelength [ of short wavelength ] of 193nm 
more is also developed, and promising ** of this is carried out as the future light source for exposure. 
[0006] Since some absorption bands of oxygen exist in the wavelength band in the natural oscillation 
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condition of that ultraviolet pulsed light when using this ArF excimer laser as the exposure light source, it is 
necessary in the wavelength property of pulsed light to narrow-band-ize those absorption bands on the 
avoided wavelength. Furthermore, it is necessary to make it an environment in which oxygen is not 
contained as much as possible in the illumination-light way from the exposure light source to reticle, and the 
projection optical path from reticle to a wafer, i.e., to also permute most of those illumination-light ways and 
projection optical paths with inert gas (nitrogen gas, gaseous helium, etc.). An example of the projection 
aligner using such an ArF excimer laser is indicated by JP,6-260385,A and JP,6-260386,A. 
[0007] As practical ****** ma terial which has desired permeability to the ultraviolet pulsed light 
(wavelength of about 250nm or less) from the above excimer lasers, two, a current place, a quartz (Si02), 
and a fluorite (fluorite: CaF2), are only known. Of course, although magnesium fluoride, lithium fluoride, 
etc. are known in addition to this, in order to consider as the ****** material for projection aligners, it is 
necessary to solve the problem of workability, the problem of endurance, etc. 

[0008] As a projection optical system carried in a projection aligner, the catadioptric system (reflective 
refractive media) constituted from combination of a refraction optical element (lens element) and a reflected 
light study component (especially concave mirror) other than dioptric ** (refractive media) is also used 
about this. Even if it adopts the projection optical system of which type, for using a refraction optical 
element (penetrable optical element), it is unchanging, and, at present, two kinds of ** material of a quartz 
and a fluorite must be used as a refraction optical element, furthermore, make it a refraction optical element 
— make it a reflected light study component — multilayers, such as an antireflection film and a protective 
layer, are vapor-deposited by the front face, and it is manufactured so that the engine performance as an 
optical element simple substance may be in a predetermined condition. It is the how large engine 
performance which it should take notice of especially here the absolute value of the permeability of a lens 
element simple substance or the absolute value of the reflection factor of a reflected light study component 
simple substance can take. 

[0009] For example, in the case of the lens element simple substance, generally the coat of the antireflection 
film etc. is carried out to both the plane of incidence of light, and the injection side of the 2nd page, and it is 
devised so that permeability may be raised as much as possible. The permeability of the whole projection 
optical system becomes quite small only by there being many lens elements used in order to amend various 
kinds of aberration properties good in precise image formation optical system as 20-30 sheets, and the 
permeability of each lens element being slightly lower than 100% like a projection optical system. 
Moreover, also by the projection optical system containing some reflected light study components, when the 
reflection factor of each reflected light study component is low, the permeability of the whole projection 
optical system also becomes low. 

[0010] if each permeability of these lens elements is made into 96% when the number of the lens elements 
which constitute the image formation optical path of a projection optical system is 25 — the permeability 
epsilon as the whole projection optical system — about 36% (**0. 9625x100) — it becomes and becomes 
small. If the measures of whether buildup of the reinforcement (energy) of the illumination light for 
exposing the circuit pattern image of reticle on a wafer is aimed at or to use the resist for ultraviolet rays 
with more high sensibility are not taken when the transmission of a projection optical system is low, a 
throughput will fall according to buildup of the exposure time. Then, it is possible to prepare a high power 
excimer laser as a cure realizable by the projection aligner side. 

[001 1] However, when various kinds of exposure experiments were conducted with the projection aligner 
with comparatively large field size using an excimer laser, the new phenomenon of changing dynamically 
the permeability of the coat material (for example, thin films, such as an antireflection film) of the optical 
element within a projection optical system or an optical element between short time was discovered by the 
exposure of the illumination light (KrF excimer laser light or ArF excimer laser light) of an ultraviolet 
wavelength region. It has turned out that this phenomenon may be generated completely similarly about the 
optical element of the illumination-light study systems which illuminate not only the optical element within 
a projection optical system but reticle, and the reticle (quartz plate) itself. 

[0012] the gas (air — ) to which such a phenomenon exists in the space in a projection optical path and an 
illumination-light way The molecule of the organic substance which generates the impurity and optical 
element which are contained in nitrogen gas etc. from the adhesives for fixing to a lens -barrel etc., Or it is 
thought that the impurity (for example, matter which diffuses a water molecule, the molecule of a 
hydrocarbon, or illumination light other than these) generated from the walls (painted surface for acid 
resisting etc.) of the lens-barrel adheres on the surface of an optical element, or it happens by advancing into 
an illumination-light way (floating). Consequently, the inconvenience of changing comparatively sharply 
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the permeability of a projection optical system and the permeability of an illumination-light study system 
arises. 

[0013] For example, as for the permeability epsilon of the whole projection optical system, the above- 
mentioned lens element will fall to about 27.7% (**0.9525xl00), supposing permeability epsilon fell by 25 
sheets and the permeability of a lens element simple substance falls only 1% uniformly by about 36% of 
projection optical system. Fluctuation of such permeability changes the light exposure which should be 
given on a wafer from a proper value, and has a possibility of degrading the imprint fidelity of a detailed 
pattern with a design line breadth of about 0.25-0.18 micrometers imprinted on a wafer. In the conventional 
projection aligner, the optical reinforcement of the illumination light is detected by the position within the 
optical path of an illumination-light study system, and the pulse luminous intensity (energy per one pulse) 
from an excimer laser is adjusted so that proper light exposure may be obtained based on the optical 
reinforcement, as indicated by JP,2-135723,A, for example. For this reason, in the conventional projection 
aligner, permeability fluctuation of the illumination-light study system after the part in the illumination-light 
way which has detected the reinforcement of the illumination light for light exposure control, or a projection 
optical system was not considered at all, but there was a possibility that exact light exposure control might 
become impossible. 

[0014] Moreover, when the exposure of the ultraviolet pulsed light to a projection optical system is 
suspended, the phenomenon in which the permeability of the projection optical system is recovered 
gradually (fluctuation) is also found out. In such a case, if the exposure of ultraviolet pulsed light is started 
again and exposure is resumed, since the permeability of a projection optical system will be changed, there 
is a possibility that exact light exposure control may become difficult. This invention sets it as the 1st object 
to offer the projection aligner which prevented degradation of the control precision of the light exposure 
resulting from the illuminance fluctuation (or pulse energy fluctuation) on the substrate generated by 
permeability fluctuation of a projection optical system in view of this point. 

[0015] Furthermore, this invention sets it as the 2nd object to offer the exposure approach by which good 
light exposure control precision is acquired using such a projection aligner. Furthermore, this invention sets 
it as the 3rd object to offer the manufacture approach of the circuit device which can form a circuit pattern 
on a substrate with high imprint fidelity using such a projection aligner. 
[0016] 

[Means for Solving the Problem] The illuminating system which irradiates the pattern with which the 
projection aligner by this invention was formed in the mask (R) by the predetermined exposure energy beam 
of an ultraviolet area (1-19), In the projection aligner equipped with the projection optical system (PL) 
which projects the image of the pattern of the mask on a substrate (W) The amount measurement system of 
incidence energy which measures the amount of incidence energy to a projection optical system (PL) (9), 
The amount addition system of incidence energy which integrates the measurement value of this amount 
measurement system of incidence energy, and calculates the total amount of incidence energy to that 
projection optical system (64), The amount measurement system of injection energy which measures the 
amount of injection energy from the projection optical system (32), The amount addition system of amount 
measurement system of incidence energy (9) incidence energy (64), And the permeability property storage 
section which memorizes the rate of change over the total amount of incidence energy of the permeability of 
the projection optical system computed based on the measurement result of the amount measurement system 
of injection energy (32) (68), The rate of change of the permeability memorized by this permeability 
property storage section, and the operation system which computes the permeability of that projection 
optical system serially based on the output of the amount addition system of incidence energy (64) (67), The 
light exposure control system (25 1, 69; 22, 27) which controls the light exposure of that exposure energy 
beam irradiated on that substrate through that projection optical system according to the permeability 
computed by this operation system from that illuminating system is established. 
[0017] According to this this invention, the transmission of a projection optical system can be mostly 
presumed to high degree of accuracy on real time by measuring and memorizing transmission change of a 
projection optical system to the total incidence energy of an exposure energy beam beforehand, and 
applying to transmission change memorized previously, measuring the energy which carries out incidence to 
a projection optical system from the time of exposure initiation, i.e., exposure initiation of an exposure 
energy beam, at the time of actual exposure. By controlling light exposure to offset change of the 
permeability, degradation of the control precision of the light exposure resulting from the illuminance 
fluctuation (or pulse energy fluctuation) on the substrate generated by permeability fluctuation of a 
projection optical system can be prevented. 
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[0018] The permeability property storage section (68) in this case, besides the rate of change over that total 
amount of incidence energy of the permeability of that projection optical system The rate of change of the 
permeability of the projection optical system over the elapsed time after interrupting the exposure of the 
exposure energy beam is memorized. An operation system (67) It is desirable to compute the permeability 
of the projection optical system serially based on the elapsed time after interrupting the output of two kinds 
of rate of change of the permeability memorized by the permeability property storage section (68) and the 
amount addition system of incidence energy (9) and the exposure of the exposure energy beam. Even when 
the permeability of a projection optical system is not immediately recovered enough after interruption of the 
exposure of an exposure energy beam by this, change of the permeability of a projection optical system can 
be presumed to high degree of accuracy. 

[0019] Moreover, it may have the stage system (20A, 20B, 24) which moves a mask and a substrate, 
respectively, and the synchronous scan of the mask and its substrate may be relatively carried out to the 
projection optical system through the stage system at the time of exposure. This means having applied this 
invention to the projection aligner of a scan exposure method. In this case, in order to control light exposure, 
the output of the exposure light source is controlled, and also a scan speed may be controlled. 
[0020] Moreover, scanning the mask to the projection optical system through the stage system like the time 
of actual exposure, in case the exposure approach of this invention is the exposure approach which used the 
projection aligner and the transmission of the projection optical system is measured The measurement value 
by the amount measurement system of incidence energy (9) and the amount measurement system of 
injection energy (32) is incorporated. Thus, the permeability of the projection optical system is computed by 
amending the incorporated measurement value by the pattern abundance (or pattern permeability) of the 
mask. It is desirable to control the light exposure of the exposure energy beam to the substrate based on the 
transmission amended and obtained by the pattern abundance of the mask at the time of the exposure to the 
substrate. It is prevented by this that the permeability of a projection optical system is incorrect-measured 
under the effect of the pattern abundance (pattern permeability) of a mask. 

[0021] Moreover, the 1st process which the manufacture approach of the circuit device of this invention is 
the manufacture approach of the circuit device for manufacturing a predetermined circuit device using the 
projection aligner of this invention, and applies sensitive material on the substrate (step 173), Based on the 
rate of change of the permeability memorized by the permeability property storage section (68), and the 
output of the amount addition system of incidence energy (9), the permeability of the projection optical 
system is serially computed through an operation system (68). Thus, controlling the light exposure of the 
exposure energy beam irradiated by the light exposure control system on the substrate through the projection 
optical system according to the permeability computed from the illuminating system The 2nd process which 
exposes the pattern image of the mask to each shot field on the substrate (step 1 74), It has the 3rd process 
(step 1 75) which develops that substrate, and the 4th process (step 1 76) which forms a circuit pattern in each 
shot field on that substrate after this development, respectively. In this case, since proper light exposure is 
obtained at an exposure process, the imprint fidelity of a circuit pattern improves. 
[0022] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per gestalt of operation of 
the 1st of this invention. This example applies this invention, when exposing with the projection aligner of 
step - and - scanning method, the beam matching unit (BMU) 3 which drawing 1 shows the outline 
configuration of the projection aligner of this example, and contains movable Miller for ultraviolet pulsed 
light IL as an exposure light narrow-band-ized on the wavelength of 193nm from the ArF excimer laser 1 to 
make an optical path match in location between the bodies of an aligner etc. in this drawing 1 — a passage — 
the pipe 5 of protection- from-light nature — minding — the adjustable beam attenuator 6 as an optical 
attenuator — incidence — carrying out . While the exposure control unit 30 for controlling the light exposure 
to the resist on a wafer controls initiation of luminescence of the ArF excimer laser 1 and a halt, and the 
output that becomes settled with an oscillation frequency and pulse energy in a list, the rate of dimming to 
the ultraviolet pulsed light in the adjustable beam attenuator 6 is adjusted gradually or continuously. In 
addition, as an exposure light, also when using KrF excimer laser light with a wavelength of 248nm or a 
laser beam with another wavelength of about 250nm or less, this invention is applied. 
[0023] Incidence of the ultraviolet pulsed light IL which passed along the adjustable beam attenuator 6 is 
carried out to the fly eye lens 1 1 through the beam plastic surgery optical system which consists of lens 
systems 7A and 7B arranged in accordance with a predetermined optical axis. Thus, although the number of 
the fly eye lenses 1 1 is one in this example, you may make it arrange two steps of fly eye lenses to a serial 
as it is indicated by JP, 1-235289, A in order to raise illuminance distribution homogeneity for example. The 
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aperture-diaphragm system 12 of an illumination system is arranged in the injection side of the fly eye lens 
1 1 . The circular aperture diaphragm for lighting, the aperture diaphragm for deformation lighting which 
consists of two or more small openings which carried out eccentricity, the aperture diaphragm for zona- 
orbicularis lighting, etc. are usually arranged free [ a switch ] at the aperture-diaphragm system 12. 
Incidence of the ultraviolet pulsed light IL which was injected from the fly eye lens 1 1 and passed the 
predetermined aperture diaphragm in the aperture-diaphragm system 12 is carried out to the beam splitter 8 
with a low reflection factor with high transmission. Incidence of the ultraviolet pulsed light reflected by the 
beam splitter 8 is carried out to the integrator sensor 9 which consists of a photodetector, and the detecting 
signal of the integrator sensor 9 is supplied to the exposure control unit 30. 

[0024] The permeability of a beam splitter 8 and a reflection factor are beforehand measured by high degree 
of accuracy, the memory in the exposure control unit 30 memorizes, and the exposure control unit 30 is 
constituted so that the monitor of the amount of incident light and its integral value of ultraviolet pulsed 
light IL to a projection optical system PL can be carried out more nearly indirectly than the detecting signal 
of the integrator sensor 9. In addition, in order to carry out the monitor of the amount of incident light to a 
projection optical system PL, beam splitter 8A is arranged, the reflected light from this beam splitter 8A is 
received by photodetector 9 A, and you may make it supply the detecting signal of photodetector 9 A to the 
exposure control unit 30 before lens system 7 A into drawing 1 , as a two-dot chain line shows. 
[0025] Incidence of the ultraviolet pulsed light IL which penetrated the beam splitter 8 is carried out to fixed 
lighting field-diaphragm (fixed blind) 15A within the reticle blind device 16 through the condensing lens 
system 14. Fixed blind 15A has opening arranged so that it may be extended in the center within the circular 
visual field of a projection optical system PL in the scan exposure direction and the direction which 
intersected perpendicularly the shape of a straight-line slit, and in the shape of a rectangle (collectively 
henceforth "the shape of a slit") as indicated by JP,4-196513,A. Furthermore, in the reticle blind device 16, 
with fixed blind 15 A, movable blind 15B for making adjustable independently width of face of the scan 
exposure direction of a lighting visual field field is prepared, and drawing requires reduction of a scan 
migration stroke of a reticle stage, and reduction of the width of face of the protection-from-light band of 
Reticle R by this movable BURAINTO 15B. The information on the numerical aperture of movable blind 
15B is supplied also to the exposure control unit 30, and the value which multiplied the amount of incident 
light calculated from the detecting signal of the integrator sensor 9 by the numerical aperture serves as the 
actual amount of incident light to a projection optical system PL. 

[0026] Ultraviolet pulsed light IL orthopedically operated in the shape of a slit by fixed blind 15A of the 
reticle blind device 16 irradiates a lighting field [****/ opening of the shape of a slit of fixed blind 15A ] 
by uniform intensity distribution on the circuit pattern space of Reticle R through the lens system 17 for 
image formation, reflective Miller 18, and the main condensing lens system 19. That is, the arrangement 
side of opening of fixed blind 15A or opening of movable blind 15B serves as conjugate mostly with the 
pattern side of Reticle R by the synthetic system of the lens system 17 for image formation, and the main 
condensing lens system 19. 

[0027] the basis of ultraviolet pulsed light IL - the image of the circuit pattern in the lighting field of Reticle 
R — a both-sides tele cent — through the rucksack projection optical system PL, it is the predetermined 
projection scale factor beta (beta is 1/4, and 1 / 5 grades), and the exposure field of the shape of a slit of the 
resist layer on the wafer W arranged in the image formation side of a projection optical system PL imprints. 
The exposure field is located on [ of two or more shot fields on a wafer ] one shot field. Although the 
projection optical system PL of this example is dioptric ** (refractive media), it cannot be overemphasized 
that a catadioptric system (reflective refractive media) can also be used. Hereafter, the Z-axis is taken to the 
optical axis AX of a projection optical system PL at parallel, the X-axis is taken to a scanning direction 
(direction parallel to the space of drawing 1 here) in a flat surface vertical to the Z-axis, and a Y-axis is 
taken and explained to the non-scanning direction (direction vertical to the space of drawing 1 here) which 
intersects perpendicularly with a scanning direction. 

[0028] At this time, adsorption maintenance of the reticle R is carried out on reticle stage 20A, and reticle 
stage 20A is laid so that it can move slightly to the direction of X, the direction of Y, and a hand of cut, 
while being able to carry out uniform migration in the direction of X on reticle base 20B. The two- 
dimensional location of reticle stage 20A (reticle R) and the angle of rotation are measured by real time with 
the laser interferometer in the actuation control unit 22. Based on this measurement result and the control 
information from the main control system 27 which consists of a computer which carries out control control 
of the actuation of the whole equipment, the drive motors in the actuation control unit 22 (a linear motor, 
voice coil motor, etc.) perform the scan speed of reticle stage 20A, and control of a location. 
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[0029] On the other hand, adsorption maintenance of the wafer W is carried out on Z tilt stage 24Z through 
the wafer holder WH, Z tilt stage 24Z is fixed on X-Y stage 24XY which carries out two-dimensional 
migration along XY flat surface parallel to the image surface of a projection optical system PL, and the 
wafer stage 24 consists of Z tilt stage 24Z and X-Y stage 24XY. Z tilt stage 24Z controls the focal location 
(location of a Z direction) of Wafer W, and a tilt angle, and doubles the front face of Wafer W with the 
image surface of a projection optical system PL by the auto focus method and the auto leveling method, and 
X-Y stage 24XY performs stepping to the constant speed scanning to the direction of X of Wafer W and the 
direction of X, and the direction of Y. The two-dimensional location of Z tilt stage 24Z (wafer W) and the 
angle of rotation are measured by real time with the laser interferometer in the actuation control unit 25. 
Based on this measurement result and the control information from the main control system 27, the drive 
motors in the actuation control unit 25 (linear motor etc.) perform the scan speed of X-Y stage 24XY, and 
control of a location. The rotational error of Wafer W is amended by rotating reticle stage 20A through the 
main control system 27 and the actuation control unit 22. 

[0030] The main control system 27 sends various information, such as reticle stage 20 A and each migration 
location of X-Y stage 24XY, passing speed, migration acceleration, and location offset, to the actuation 
control units 22 and 25. And synchronizing with Reticle R being scanned at a rate Vr in the direction of +X 
(or the direction of -X) to the lighting field of ultraviolet pulsed light IL through reticle stage 20A at the time 
of scan exposure, Wafer W is scanned in the direction of -X (or the direction of +X) to the exposure field of 
the pattern image of Reticle R through X-Y stage 24XY by rate beta-Vr (beta is a projection scale factor 
from Reticle R to Wafer W). 

[0031] Moreover, the main control system 27 performs control for synchronizing with migration of reticle 
stage 20A at the time of scan exposure migration of each blade of movable blind 16B prepared in the above- 
mentioned reticle blind device 16. Furthermore, the main control system 27 sets up the various exposure 
conditions for carrying out scan exposure of the resist of each shot field on Wafer W with proper light 
exposure, cooperates also with the exposure control unit 30, and performs the optimal exposure sequence. 
That is, if the command of the scan exposure initiation to one shot field on Wafer W is emitted by the 
exposure control unit 30 from the main control system 27, the exposure control unit 30 will compute the 
integral value of the amount of incident light to a projection optical system PL through the integrator sensor 
9 while starting luminescence of the ArF excimer laser 1 . The integral value is reset by 0 at the time of scan 
exposure initiation. And the output (an oscillation frequency and pulse energy) of the ArF excimer laser 1 
and the rate of dimming of the adjustable beam attenuator 6 are controlled by the exposure control unit 30 so 
that the transmission of a projection optical system PL is computed serially and proper light exposure is 
obtained on each point of the resist on the wafer W after scan exposure according to this transmission from 
the integral value of that amount of incident light like the after-mentioned. And luminescence of the ArF 
excimer laser 1 is stopped at the time of termination of the scan exposure to the shot field concerned. 
[0032] Moreover, the dose monitor 32 which consists of a photodetector near the wafer holder WH on Z tilt 
stage 24Z of this example is installed, and the detecting signal of the dose monitor 32 is also supplied to the 
exposure control unit 30. The dose monitor 32 is having the light-receiving side of wrap magnitude for the 
whole exposure field by the projection optical system PL, driving X-Y stage 24XY, and setting the exposure 
field of a projection optical system PL as a wrap location for the light-receiving side, and can measure the 
quantity of light of ultraviolet pulsed light IL which passed the projection optical system PL. In this 
example, the permeability of a projection optical system PL is measured using the detecting signal of the 
integrator sensor 9 and the dose monitor 32. In addition, the illuminance unevenness sensor which has the 
light sensing portion of the shape of a pinhole for measuring quantity of light distribution in the exposure 
field instead of the dose monitor 32 may be used. 

[0033] In this example, since the ArF excimer laser 1 is used, the adjustable beam attenuator 6, lens systems 
7 A and 7B, and the subchamber 35 that intercepts each illumination-light way to the fly eye lens 1 1 - the 
main condensing lens system 19 from the open air further are formed from the inside of a pipe 5, and the 
desiccation nitrogen gas (N2) which stopped oxygen content very low through piping 36 is supplied in 
[ whole ] the subchamber 35. Similarly, desiccation nitrogen gas is supplied also to the whole space inside 
the lens-barrel of a projection optical system PL (space between two or more lens elements) through piping 



[0034] When supply of the desiccation nitrogen gas has the high airtightness of the subchamber 35 or the 
lens-barrel of a projection optical system PL, once a perfect permutation with atmospheric air is performed, 
it is not necessary to carry out so frequently. However, it is also required to remove those impurity 
molecules with a chemical filter or an electrostatic filter, carrying out the flow of the nitrogen gas by which 



37. 
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temperature control was carried out compulsorily within an optical path, if the permeability fluctuation to 
which a water molecule, a hydrocarbon molecule, etc. which are produced from various kinds of matter (** 
material, coat material, adhesives, a coating, a metal, ceramics, etc.) which exists in an optical path adhere 
on the surface of an optical element, and happen is taken into consideration. 

[0035] Next, with reference to drawing 2 , it explains per [ of the projection optical system PL in the 
projection aligner of this example ] permeability measurement system. When performing transmission 
measurement of a projection optical system PL, as shown in drawing 2 , X-Y stage 24XY is driven and the 
light-receiving side of the dose monitor 32 is set as the exposure field of a projection optical system PL. And 
pulse luminescence of the ArF excimer laser 1 is started, a part of ultraviolet pulsed ligjit IL which carries 
out incidence to a beam splitter 8 is reflected, and incidence is carried out to the integrator sensor 9 as 
ultraviolet pulsed light IL1 . With this, incidence of ultraviolet pulsed light IL2 which passed the projection 
optical system PL is carried out to the dose monitor 32, and the detecting signal of the integrator sensor 9 
and the detecting signal of the dose monitor 32 are incorporated by juxtaposition at the exposure control unit 
30. 

[0036] In drawing 2 , the detecting signal of the integrator sensor 9 is supplied to the direct permeability 
count section 63 and the amount integral section 64 of incident light as incidence energy Ei through the peak 
hold (P/H) circuit 61 and the analog-to-digital converter (hereafter referred to as "ADC") 62 within the 
exposure control unit 30. Although the direct permeability count section 63, the amount integral section 64 
of incident light and the below-mentioned permeability operation part 67, and a control section 69 express 
with this example the function on the software performed by the microprocessor, respectively, it cannot be 
overemphasized that those functions may be realized by hardware, respectively. 

[0037] On the other hand, the detecting signal of the dose monitor 32 is supplied to the direct permeability 
count section 63 as transparency energy Eo through the peak hold circuit 65 and ADC66 within the 
exposure control unit 30. In the direct permeability count section 63, the division of the transparency energy 
Eo is done with the incidence energy Ei, and the permeability T which computed and computed the 
permeability T of a projection optical system PL (= Eo/Ei) is supplied to the permeability operation part 67. 
Moreover, in the amount integral section 64 of incident light, incidence gross energy e which carries out 
incidence and which integrated with the incidence energy Ei for every ultraviolet pulsed light (addition), and 
computed and computed incidence gross energy e is supplied to the permeability operation part 67. 
Incidence gross energy e is reset by zero just before initiation of pulse luminescence. The permeability 
operation part 67 is approximated by functions [ of incidence gross energy e to which the permeability T 
supplied is supplied ] (secondary high order function [ more than ] or exponential function) T (e), and stores 
this function T (e) in memory 68. And at the time of exposure, by substituting incidence gross energy e 
supplied from the amount integral section 64 of incident light for function T (e) by which reading 
appearance was carried out from that memory 68, the permeability operation part 67 asks for the 
permeability T of the current projection optical system PL (now), and supplies this permeability T (now) to 
a control section 69. Although not illustrated, the incidence energy Ei from ADC62 is also supplied to the 
control section 69, and the rate of dimming in the output and the adjustable beam attenuator 6 of the ArF 
excimer laser 1 is controlled by the control section 69 so that the light exposure of the ultraviolet pulsed 
light in each point of the resist on Wafer W turns into proper light exposure using the incidence energy Ei 
and transmission T (now). 

[0038] Next, in this example, change of the permeability of a projection optical system PL is measured, and 
with reference to the flow chart of drawing 3 , it explains about the actuation in the case of performing scan 
exposure, performing light exposure control based on the measurement result. Measurement of the 
permeability is performed at the time of operation initiation of a projection aligner, and exposure actuation 
initiation etc. First, in step 101 of drawing 3 , as shown in drawing 2 , the light-receiving side of the dose 
monitor 32 is set as the exposure field of a projection optical system PL, and the synthetic numerical 
aperture of fixed blind 15A and movable blind 15B is set up to 100%. In this example, in order for the 
object to ask for the relation of the maximum of incidence energy and transmission to a projection optical 
system PL, Reticle R is removed from reticle stage 20A, and the scan of reticle stage 20A is not performed, 
either. And pulse luminescence of the ArF excimer laser 1 is started. 

[0039] In step 102 following it, the incidence energy Ei corresponding to the energy which carries out 
incidence to a projection optical system PL actually, and the transparency energy Eo corresponding to the 
energy which passes a projection optical system PL actually are generated with the exposure control unit 30 
of drawing 2 by incorporating the output signal of the integrator sensor 9 and the dose monitor 32 to 
juxtaposition. And the incidence gross energy e till then is computed for every pulse luminescence by 
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integrating the amount integral section 64 of incident light of drawing 2 with the incidence energy Ei, and 
permeability T (= Eo/Ei) is computed in the direct permeability count section 63. This actuation is 
continuously performed for every pulse luminescence till measurement termination. In addition, what is 
necessary is to use a sample hold circuit for a change of the peak hold circuits 61 and 65, and just to 
compute permeability T with a predetermined time interval in the direct permeability count section 63 in the 
amount integral section 64 of incident light that what is necessary is just to carry out sequential addition of 
the detecting signal with a predetermined sampling rate, if exposure light is continuation light. 
[0040] Next, in step 103, incidence gross energy [ in each measurement event ] e and permeability T are 
incorporated by the permeability operation part 67 in the exposure control unit 30 at intervals of 
measurement which becomes sufficiently short spacing, for example to the exposure time of one shot. At the 
following step 1 04, although it is judged whether it is measurement termination, measurement time amount 
is set up so that incidence gross energy e at the time of measurement termination may become sufficiently 
large to the incidence gross energy accumulated between exposure of one shot. Measurement time amount is 
number sec- number lOsec as an example. And after it repeats incorporation actuation (count actuation) of 
the measurement data based on the transmission operation part 67 of step 103 at intervals of predetermined 
measurement and predetermined measurement time amount passes, actuation shifts to step 1 05 from step 
104, and is stored in memory 68 in quest of transmission [ of a projection optical system PL ] T (e) by the 
transmission operation part 67 as a function of a series of incidence gross energy e. This is equivalent to 
memorizing the condition of permeability change of a projection optical system PL over the incidence 
energy Ei. Function [ of the permeability ] T (e) is used at step 109 under scan exposure. 
[0041] Then, when performing scan exposure, unlike a step-and-repeat method, in the projection aligner of 
step - and - scanning method, performing light exposure control using both a scan speed and the light 
control (the rate control of dimming of the adjustable beam attenuator 6 being included) of the exposure 
light source is performed. That is, considering one on a wafer, the scan speed of the wafer stage 24 and the 
quantity of light of the exposure light source are controlled so that the predetermined light exposure to 
which the point becomes settled from resist sensibility etc. in the time amount which passes through the 
exposure field of the shape of a slit by the projection optical system PL is irradiated to the point. 
[0042] Here, it is the reference value of the output per unit time amount of the ArF excimer laser 1 (namely, 
oscillation frequency x pulse energy) E0 It is referred to as [W]. Furthermore, below, let the output be the 
value which multiplied by the rate of dimming in the adjustable beam attenuator 6. And when scan lay 
length of S [cm2] and its exposure field is set to L [mm] and resist sensibility is set [ the initial permeability 
of a projection optical system PL ] to I [J/cm2] for the area of the exposure field of the shape of TO and a 
slit, it is the initial value VwO of the scan speed of the wafer stage 24 at the time of scan exposure, [mm/sec] 
is as follows. 
[0043] 

VwO =(L-E0 and T0)/(I-S) (1) 

A scan is performed immediately after scan exposure initiation, maintaining the relative physical 
relationship of Reticle R and Wafer W so that the wafer stage 24 may serve as the scan speed. That is, when 
scan exposure is started, in step 106 of drawing 3 , as shown in drawing 1 , Reticle R is laid on reticle stage 
20A, and the wafer W with which the resist was applied to the wafer holder WH on the wafer stage 24 is 
loaded. And after incidence gross energy e is reset by 0 within the exposure control unit 30, the scan of 
reticle stage 20A and the wafer stage 24 is started, when the synchronization of a scan is taken, pulse 
luminescence of the ArF excimer laser 1 is started, and the incorporation by the exposure control unit 30 of 
the detecting signal of the integrator sensor 9 is also started. Then, movable blind 1 5B opens gradually and 
the imprint to the shot field concerned on the wafer W of the pattern image of Reticle R is started. The 
information on the synthetic numerical aperture of fixed blind 15A and movable blind 15B is supplied to the 
amount integral section 64 of incident light of drawing 2 . 

[0044] And in step 107, the incidence energy Ei is measured through the integrator sensor 9 of drawing 2 , 
the peak hold circuit 61, and ADC62 for every pulse luminescence, and this incidence energy Ei is supplied 
to the amount integral section 64 of incident light one by one. In step 1 08 following it, in the amount 
integral section 64 of incident light, the energy which multiplies the incidence energy Ei supplied for every 
pulse luminescence by the numerical aperture at that time, and is obtained is integrated, it asks for the 
incidence gross energy e till then, and incidence gross energy e from this exposure initiation is supplied to 
the permeability operation part 67. In the following step 109, the incidence gross energy e is substituted for 
function T (e) (namely, permeability data) which expresses with the permeability operation part 67 the 
permeability read from memory 68, and the permeability T (now) which computed and computed the 
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permeability T of the projection optical system PL current with a predetermined time interval (now) is 
supplied to a control section 69. It is made for the frequency of this count to become sufficiently short to the 
exposure time of one shot. That is, permeability count of a projection optical system PL is repeated over 
multiple times in the exposure time of one shot, and it asks for the permeability in this time in real time 
always mostly. 

[0045] A control section 69 controls the output of ultraviolet pulsed light IL by the following step 1 10 based 
on the supplied permeability T (now), here — the scan speed Vw of the wafer stage 24 - VwO of (1) type 
from — what is necessary is just to fix the illuminance (per unit time amount, energy per unit area) in the 
front face (wafer side) of the wafer W of ultraviolet pulsed light IL, in order to make regularity light 
exposure in each point on Wafer W, if it is not made to change Namely, what is necessary is just to change 
the output of the ArF excimer laser 1 so that change of the permeability T of a projection optical system PL 
(now) may be offset (making it in inverse proportion to the permeability T (now)), the value of the 
permeability T of the projection optical system [ in / a certain event of making it such concretely and 
asking / t ] PL (now) — Tl and the initial permeability of a projection optical system PL — the reference 
value (initial value) of the output of TO and the ArF excimer laser 1 — E0 ** — the target output of the ArF 
excimer laser 1 for carrying out and making regularity the illuminance of ultraviolet pulsed light IL in a 
wafer side — Et ** — if it carries out — Et It asks as follows. 
[0046] Et =E0 x (TO / Tl) (2) 

Then, a control section 69 is the target output Et for which the output of ultraviolet pulsed light IL which 
passes the adjustable beam attenuator 6 asked from (2) types. The output (an oscillation frequency and pulse 
energy) of the ArF excimer laser 1 or the rate of dimming in the adjustable beam attenuator 6 is controlled to 
become. Next, when scan exposure is not completed at step 111, actuation returns to steps 107-1 10 again, 
and they are count of the permeability of a projection optical system PL, and the target output Et of 
ultraviolet pulsed light IL at a predetermined time interval. Count and the output control of the ArF excimer 
laser 1 are performed. And when scan exposure is completed, after actuation shifts to step 112 from step 
111, luminescence of the ArF excimer laser 1 is stopped and exposure for one shot is completed (step 113), 
the exposure actuation to the next shot field is started (step 1 14). At the time of exposure initiation of the 
next shot field, count of permeability is started as what has recovered the permeability of a projection optical 
system PL mostly to the initial permeability in step 106. 

[0047] Thus, according to this example, based on the integral value of the incidence energy to the projection 
optical system PL measured through the integrator sensor 9, the permeability of a projection optical system 
PL is mostly measured on real time, and since the output of the ArF excimer laser 1 is controlled so that the 
illuminance of ultraviolet pulsed light IL in a wafer side becomes fixed based on this measurement result, 
even when the permeability of a projection optical system PL changes, the whole surface of each shot field 
on Wafer W can be exposed with proper light exposure. 

[0048] In addition, although the output of the ArF excimer laser 1 is controlled by the gestalt of above- 
mentioned operation according to the permeability of a projection optical system PL, as shown in (1) type, it 
is the output E0 of the exposure light source. If fixed, it is the permeability TO of a projection optical system 
PL. Scan speed VwO of the wafer stage 24 It has a proportional relation. So, when the permeability T of a 
projection optical system PL (now) changes, the output of the exposure light source is fixed and the scan 
speed of the wafer stage 24 may be controlled in proportion to permeability T (now). However, this control 
can be performed in the range in which a scan speed does not reach the upper limit which becomes settled 
by the stage system. 

[0049] Next, it explains per gestalt of operation of the 2nd of this invention. Although the projection aligner 
of drawing 1 is used also by this example, the measurement approaches of change of the permeability of a 
projection optical system PL differ. Then, with reference to the flow chart of drawing 4 , it explains about 
measurement actuation of change of transmission and scan exposure actuation of the projection optical 
system PL in this example. In case transmission change of a projection optical system PL is measured, this 
is made to scan like the time of actual exposure in this example using the reticle R exposed actually, the 
scan speed of reticle stage 20A (reticle R) of drawing 1 in the case of this measurement — the output of Vm 
and the ArF excimer laser 1 — Em ** — carrying out — the scan speed at the time of those actual scan 
exposure — Ve and an output — Ee ** — when it carries out, it is made for the following relation to be 
realized among these 
[0050] Vm /Em =Ve /Ee (3) 

That is, it is made for the total quantity of light which carries out incidence to a projection optical system PL 
while scanning Reticle R from scan initiation to the location of a certain arbitration to become the same in 
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the time of measurement and scan exposure. It is Vm =Ve though natural. Becoming is desirable. In 
addition, the quantity of light which carries out incidence to the projection optical system PL of drawing 2 
actually is the quantity of light which multiplied the pattern transmission (= area of the lighting field on the 
area / reticle R of the transparency section in a lighting field) of Reticle R by the incidence energy Ei 
measured by the integrator sensor 9 in the case of this measurement. In addition, since pattern permeability 
is also the value which deducted pattern abundance from 1, it may use this pattern abundance. Moreover, the 
transparency energy Eo measured through the dose monitor 32 becomes what multiplied the pattern 
permeability of Reticle R, and the permeability of a projection optical system PL by the quantity of light 
which carries out incidence. The object which pattern transmission is known as a function of the location X 
of Reticle R, and asks for it from the design data of Reticle R here is the transmission of a projection optical 
system PL. Then, the permeability T of a projection optical system PL can be found [ permeability / of 
Reticle R / pattern ] from T, then the following formulas using the transparency energy Eo measured 
through the incidence energy Ei measured through the integrator sensor 9, and the dose monitor 32 in the 
function TR of a location X (X), and the permeability of a projection optical system PL. The synthetic 
numerical aperture of fixed blind 15A and movable blind 15B has taken more advantaging of the function 
TR of the pattern transmission (X) at accuracy. 
[0051] 

T=(1/TR (X)) x(Eo/Ei) (4) 

Then, first, as step 121 of drawing 4 is shown in drawing 2 , the light-receiving side of the dose monitor 32 
is set as the exposure field of a projection optical system PL, Reticle R is laid on reticle stage 20 A, and 
reticle stage 20A moves to a scan starting position. In the following step 122, the design data (reticle data) 
of Reticle R is called from a non-illustrated host computer, and the pattern permeability TR corresponding 
to the location X of the scanning direction of Reticle R (X) is computed by the main control system 27 of 
drawing 1 . Then, in step 123, the scan of reticle stage 20A (reticle R) is started by the command of the main 
control system 27 like the time of actual exposure, and luminescence of the ArF excimer laser 1 is also 
started. Reticle R is scanned to a scan termination location in the direction of +, or the direction of -X. 
[0052] And the location X of reticle stage 20A measured through the actuation control unit 22 at step 124 is 
supplied to the main control system 27, the incidence energy Ei measured through the integrator sensor 9 for 
every pulse luminescence is supplied to the direct permeability count section 63 and the amount integral 
section 64 of incident light, and the transparency energy Eo measured through the dose monitor 32 is 
supplied to the direct permeability count section 63. In the following step 125, from the location X of reticle 
stage 20A, the main control system 27 computes the pattern permeability TR current with a period shorter 
than the period of pulse luminescence (X), and supplies a calculation result to the direct permeability count 
section 63 and the amount integral section 64 of incident light. Incidence gross energy e is computed by 
integrating the amount integral section 64 of incident light with the value which multiplied the incidence 
energy Ei by the pattern permeability TR (X) for every pulse luminescence (addition), the permeability 
operation part 67 is supplied, in the direct permeability count section 63, the permeability T of a projection 
optical system PL is calculated by substituting the incidence energy Ei and the transparency energy Eo for 
(4) types, and a count result is supplied to the permeability operation part 67. Actuation of step 125 is 
repeated with a predetermined time interval, when measurement is completed, it shifts to step 127, and in 
the permeability operation part 67, it asks for the permeability T of a projection optical system PL as 
function [ of incidence gross energy e ] T (e), and this function T (e) is stored in memory 68 until it becomes 
measurement termination at the following step 126 (i.e., until Reticle R moves to a scan termination 
location). 

[0053] Then, when performing scan exposure actually, in step 128, like step 106 of drawing 3 , as shown in 
drawing 1 , the scan of Reticle R and Wafer W is started, and luminescence of the ArF excimer laser 1 is 
started. And in step 129, measurement of the location X of Reticle R is performed by the actuation control 
unit 22 a predetermined period, and measurement of the incidence energy Ei by the integrator sensor 9 is 
performed for every pulse luminescence. And the pattern permeability TR (X) computed from the location 
X of Reticle R is supplied to the amount integral section 64 of incident light of drawing 2 , and the amount 
integral section 64 of incident light calculates incidence gross energy e by integrating with the value which 
multiplied the incidence energy Ei by the pattern permeability TR (X), and supplies a count result to the 
permeability operation part 67. In step 130, by the permeability operation part 67, the permeability T of the 
current projection optical system PL (now) is computed by substituting the incidence gross energy e for 
function T (e) memorized by memory 68 at step 127, and a calculation result is supplied to a control section 
69. And in step 131, the output of the ArF excimer laser 1 or the rate of dimming of the adjustable beam 
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attenuator 6 is controlled by the control section 69 so that fluctuation of the permeability of a projection 
optical system PL is offset like step 110 and the illuminance of ultraviolet pulsed light IL on Wafer W 
becomes fixed. Subsequent steps 132-135 are the same as steps 111-114, and the scan exposure to the shot 
field concerned and the exposure preparations to the next shot field are made. 

[0054] According to this example, since the pattern permeability of reticle is also taken into consideration, 
fluctuation of the permeability of the projection optical system PL at the time of actual scan exposure is 
more detectable to high degree of accuracy. Therefore, the control precision of light exposure is also 
improving. In addition, although Reticle R shall be scanned in the direction of arbitration in the above- 
mentioned example at the time of transmission measurement, a possibility of changing delicately also has 
the form of function T (e) which expresses the transmission of a projection optical system PL by the 
scanning direction. Then, the function Tl (e) and T2 (e) are calculated for every scanning direction, and you 
may make it use the function Tl (e) and T2 (e) properly according to a scanning direction at the time of scan 
exposure. When the pattern transmission of reticle is not symmetrical, or when the transmission of the 
substrate of reticle itself is not symmetrical, light exposure control is carried out to high degree of accuracy 
by this. 

[0055] Next, it explains per gestalt of operation of the 3rd of this invention. The projection aligner of 
drawing 1 is used by this example, and fluctuation of the permeability of the projection optical system PL 
after an exposure halt of ultraviolet pulsed light IL is also measured in this example. That is, in the gestalt of 
the above-mentioned 1st and the 2nd operation, it was the premise that the permeability of a projection 
optical system PL returned to an early condition promptly after an exposure halt of ultraviolet pulsed light 
IL, and only the exposure for every one scan exposure was simply taken into consideration, and it was 
asking for change of the permeability of a projection optical system PL. However, depending on the 
recovery rate after an exposure halt of ultraviolet pulsed light IL, permeability may not be enough recovered 
to an initial state by exposure initiation of the following shot after exposure termination of a certain shot. 
Since light exposure big when the low sensibility resist is used especially is needed, change of permeability 
becomes large, and since there is a possibility that it may become inadequate recovering the permeability 
between shots also when shortening the stage stepping time between shots etc., in order to be hard coming to 
recover permeability between shots to an initial state and to aim at improvement in the throughput of a 
projection aligner, it is necessary to take into consideration the permeability fluctuation after an exposure 
halt of ultraviolet pulsed light IL. 

[0056] Then, with reference to the flow chart of drawing 5 , it explains about measurement actuation of 
change of transmission and scan exposure actuation of the projection optical system PL in this example. 
First, in steps 141-145 of drawing 5 , like steps 101-105 of the gestalt of the 1st operation (the gestalt of 2nd 
operation may be the same as that of steps 121-127), change of the permeability of the projection optical 
system PL under exposure of ultraviolet pulsed light IL is measured, and it memorizes in memory 68 in 
quest of permeability T (e) in this example as a function of incidence gross energy e. Next, in steps 147-150, 
change of the permeability of the projection optical system PL when not irradiating is measured, and it 
expresses with the function of elapsed time. 

[0057] Where the light exposure which added the predetermined margin to the maximum light exposure 
assumed by the projection optical system PL at step 146, for example concretely is irradiated, luminescence 
of the ArF excimer laser 1 is stopped. Then, the elapsed time t from a luminescence halt is measured at step 
147, in the direct permeability count section 63, the permeability T of a projection optical system PL (= 
Eo/Ei) is computed from the transparency energy Eo and the incidence energy Ei at a predetermined time 
interval by making the minimum pulse number emit light momentarily to the ArF excimer laser 1 of 
drawing 2 in step 148, and this permeability T is supplied to the permeability operation part 67. When the 
count repeat of predetermined and measurement end measurement of this permeability, actuation shifts to 
step 150 from step 149, in the permeability operation part 67, approximates the permeability T of a 
projection optical system PL as function [ of the elapsed time t from a luminescence halt of ultraviolet 
pulsed light IL ] T (t), and memorizes this function T (t) in memory 68. As function T (t), the secondary 
more than function of the elapsed time t which made the multiplier undecided beforehand, or an exponential 
function can be used. 

[0058] Curvilinear 70C of drawing 6 shows an example of change of the permeability T of the projection 
optical system PL after an exposure halt of ultraviolet pulsed light IL (= Eo/Ei), the axis of abscissa of this 
drawing 6 is the elapsed time t from an exposure halt (hour), and an axis of ordinate is permeability T 
(relative value). Moreover, curvilinear 70A shows the incidence energy Ei (relative value) momentarily 
supplied to permeability measurement, and curvilinear 70B shows the transparency energy Eo (relative 
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value) measured corresponding to the incidence energy Ei. Once recovering greatly, after an exposure halt 
of ultraviolet pulsed light IL, the permeability T of a projection optical system PL is falling gradually, so 
that the curvilinear 70C may show. Function [ of the elapsed time t which approximated the curvilinear 70C 
to memory 68 ] T (t) is memorized. 

[0059] the time of subsequent scan exposure — the permeability operation part 67 of the main control system 
27 of drawing 1 to drawing 2 ~ receiving under the exposure of ultraviolet pulsed light IL — or — for 
example, the information which shows whether the exposure of ultraviolet pulsed light IL is interrupted in 
stepping between shots is supplied. Or in the permeability operation part 67, you may judge whether it is 
under [ exposure ]******** by the existence of the incidence energy Ei from ADC62. In step 151 of 
drawing 5 thus, in the permeability operation part 67 While ultraviolet pulsed light IL judges whether it is 
under [ exposure ] ******** an( j j s irradiating In step 152, incorporate incidence gross energy e from the 
amount integral section 64 of incident light with a predetermined time interval, and it sets to step 153. It 
asks for the current permeability T of a projection optical system PL (now) from this incidence gross energy 
e and function T (e) memorized by memory 68 at step 144. And actuation of steps 152-154 is repeated until 
it controls the output of ultraviolet pulsed light IL to offset change of the permeability T (now) like step 110 
of drawing 3 at the following step 154 and scan exposure is completed at step 155 below. 
[0060] Then, after scan exposure is completed at step 155 and the exposure to one shot field is completed at 
step 159, when it is judged whether the exposure to all shot fields was completed at step 160 and exposure is 
not completed, it returns to step 1 5 1 . In this case, since it is among stepping in order that the wafer stage 24 
may move the next shot field to a scan starting position, and the exposure of ultraviolet pulsed light IL is 
interrupted, Actuation shifts to step 156 from step 151, and the permeability operation part 67 calculates the 
permeability TA of the current projection optical system PL from incidence gross energy e currently first 
supplied from the amount integral section 64 of incident light at the event, and function T (e) memorized at 
step 145. And just before the scan exposure to the next shot field starts, in step 157, the permeability 
operation part 67 computes the permeability TB of the current projection optical system PL from function T 
(t) memorized at old elapsed time t and old step 150 from exposure interruption of ultraviolet pulsed light 
IL. In this case, if elapsed time t sets the value of permeability [ of 0 ] T (0) to TC, it will set to step 158 and 
the permeability T with the current projection optical system PL more nearly actual than a degree type as an 
example (now) will be computed in the permeability operation part 67. 
[0061] 

T(now) =TA-TB/TC (5) 

And when the scan exposure to the next shot field is started and actuation shifts to step 1 52 from step 151, 
light exposure control is performed as a value which becomes settled by (5) formulas about the initial value 
of the permeability of a projection optical system PL. Thus, when the exposure to all shot fields is 
completed at a line crack and step 160 by the scan exposure to each shot field, exposure actuation is 
completed at step 161. 

[0062] Thus, since fluctuation of the permeability of the projection optical system PL at the time of the 
exposure of ultraviolet pulsed light IL being interrupted between shots is also taken into consideration 
according to this example, the light exposure to each shot field on Wafer W is controlled more by high 
degree of accuracy. Next, scan exposure of drawing 5 is explained with reference to the flow chart of 
drawing 7 about an example of actuation in the case of using at the process which forms a circuit pattern on 
Wafer W actually. First, in step 171 of drawing 7 , Reticle R is loaded on reticle stage 20A of drawing 1 . In 
the following step 172, a metal membrane is vapor-deposited on the wafer for exposure (it considers as 
Wafer W), and in step 173, after applying a resist on the metal membrane on the wafer W, Wafer W is 
loaded on the wafer stage 24 of the projection aligner of drawing 1 . Next, in step 174, the pattern image of 
Reticle R is exposed to each shot field on Wafer W by the scan exposure method, controlling the quantity of 
light of ultraviolet pulsed light IL like actuation to steps 151-161 of drawing 5 , to offset change of the 
permeability of a projection optical system PL, so that the illuminance of ultraviolet pulsed light IL on 
Wafer W becomes fixed. 

[0063] Then, in step 175, after developing the resist on Wafer W and etching the metal membrane on Wafer 
W by using the resist pattern as a mask at step 1 76, a desired circuit pattern is formed in each shot field on 
Wafer W by removing a resist pattern. Then, Wafer W shifts to the formation process of the circuit pattern 
of the following layer. In this case, by this example, since the optimal light exposure is obtained in each shot 
field on Wafer W, a desired circuit pattern is formed in each shot field on Wafer W with high imprint 
fidelity. 

[0064] In addition, although the gestalt of the above-mentioned operation applies this invention to the 
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projection aligner of step - and - scanning method, this invention can be applied also when exposing with 
the projection aligner (stepper) of a step-and-repeat method. In the case of a stepper, the exposure time is 
controlled by the process corresponding to steps 1 1 0 and 1 1 1 of drawing 3 so that the addition light 
exposure to the shot field concerned on a wafer becomes a predetermined value. 

[0065] In addition, of course, configurations various in the range which this invention is not limited to the 
gestalt of above-mentioned operation, and does not deviate from the summary of this invention can be taken. 

[0066] 

[Effect of the Invention] according to the projection aligner of this invention, this permeability change is 
beforehand measured and memorized using permeability change of the projection optical system from 
exposure initiation of an exposure energy beam showing the variation of about 1 law according to a dose. 
And since change of the permeability of a projection optical system is presumed from the amount of 
exposure energy beams which carries out incidence to a projection optical system at the time of actual 
exposure and light exposure is controlled according to change of this permeability, there is an advantage 
which can prevent degradation of the control precision of the light exposure resulting from the illuminance 
fluctuation (or pulse energy fluctuation) on the substrate generated by permeability fluctuation of a 
projection optical system. 

[0067] Moreover, it is not necessary to add a new sensor which measures the light exposure on the substrate 
side under exposure, and constraint of the tooth space near the stage by the side of a substrate is not 
received. The permeability property storage section in this case, besides the rate of change over the total 
amount of incidence energy of the permeability of a projection optical system The rate of change of the 
permeability of the projection optical system over the elapsed time after interrupting the exposure of an 
exposure energy beam is memorized. An operation system The output of two kinds of rate of change of the 
permeability memorized by the permeability property storage section, and the amount addition system of 
incidence energy, And even when computing the transmission of a projection optical system serially based 
on the elapsed time after interrupting the exposure of an exposure energy beam and the transmission of a 
projection optical system is not fully recovered after interruption of the exposure of an exposure energy 
beam, change of the transmission of the projection optical system can be presumed to accuracy. 
[0068] Moreover, when this invention is applied to the projection aligner of a scan exposure method like 
step - and - scanning method, good light exposure control precision is acquired by controlling light exposure 
by the scan exposure method so that a fixed illuminance is obtained in respect of a substrate, corresponding 
to permeability fluctuation of a projection optical system. Next, according to the exposure approach of this 
invention, by measuring the permeability in the condition of having used the mask actually at the time of 
measurement of change of the permeability of a projection optical system, using the projection aligner of a 
scan exposure method, incorrect-measuring permeability change of a projection optical system is prevented, 
and it can raise light exposure control precision by fluctuation of the amount of incidence energy by the 
difference in the pattern consistency of a mask. 

[0069] Moreover, according to the manufacture approach of the circuit device of this invention, a circuit 
pattern can be formed on a substrate with high imprint fidelity using the projection aligner of this invention. 

[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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g^^^©sjs^*i?ai l. zommictt-tzmm'f 



(5) 
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[0 0 2 1] *»BBOB*7*/WX(3E)«a*tt 

3) t, mmm&mmsz (6 8) fcie«sftTi^*s 

*K:»-3^TiMI3R (6 8) ^Mtl^fOJS^ 

a Ut7^i 7 4) t, *©»K©s«*fT3a§3x 

a (Xfy^l 7 5) t, C01M©*©Ifi±0* 20 

S (xf^yi 7 6) ^tt^iOTfe^o 

£\ B3txaT*iiiEaBJtt«tf»6n«fc«>. 0B^<* 

[0 0 2 2] 

fco*Hffi*|WLTWBt*o *fflK±. Xf7/«7 
>F • X*+>**Oja»B3tt»B'«tJtt*ff *5«-&tc 
*»W*BfflLfcfeOT?«« 0 Hifi, *09£>&»Bft 
£fi©«»*J«*5*U COH 1 fc*5V>T. ArFx^ 30 
3/vU-lfJtB 1 a^&Ottfi 1 9 3 nmT*»ftSftft 
BftttfcLT©*W'<;l/X}ttI Ltt, B«»B*f*4:<D 
Mr^*tftBWfcv-y^>y*-&Sfc*ORr«l5 5— 
?mi£-i,v7fy^-7h (BMU) 3^® 

B*B*«Wr*ft»OB31fi*!l«i3.--y h 3 otf. A r 
Fx^i/vb-f ^ig 1 ^7tOf«Ram, tDlc 

-rsfcftjc, ^SM7t§§6tc*5ct^^P^i/X7 , ttcw-r 40 
xtia««t:«BtSo a*, b* 

JEilLTtt, ®S2 4 8 nm£)K r Fx^y^l/-f 
ft. Xtt*©flfi<D»fi2 5 0 n mB*U"F© U-tf3W 

[0 0 2 3] Rl*»)t»6*31orcillE^^l/X«I l 
fcfc* m^OT l eift(C»oTiH!l^n^»l->'X^7 A, 7B 

\f-L,mm^^mry^^T-c u>x 1 1 

*cAI4f3o COcfc^tc. *fi?!lT^i-7^^7 7 -rb>Xl 
itfWBH* 1-2 3 5 2 8 994i«k:BB**nTi^J: 50 



ate. 77^T^U2/X*m&llc2mim?Z&5lcL 

MPttDSSl 2<flEB*ftTt** 0 BBPttDKl 2lc 
fcfc. a*!HBifflora*0«P«D. »»©B4iLfc/NII 
□ <fcO«:*«JBfiHBBfflOBBn«!5, BttJfflllffl0HPtt 
DW«0!ft*aaElcEBStiTV^o 77>f7^l/> 
Xl lfr6»ffiSnTMP«g»)*l 2*om^OBBP» 

■9-9^m^tiB^SJtan.r:^ h 3 0 KlfltteSttTl^ 
[0 0 2 4] e-AX^U 8 eD3ifi2£, RtfS*f^ 

>x jf u- * -b >+h 9 ^^mfs^ * *> raswjcjsK^ 

B^5RP Ltc^-rsASt^B^^-^-TSfc^^^ 
01 *^2^iI^T^fcfc5^. U>Xl67 A<D 

«im«9 Ao«ia«^*B«*j»^-y f 3 oic«*&-r 

[0 0 2 5] tT-AX^U y*8*»aLfcJS^/^l/X 

F) 1 SAlcASfTSo 8^7^>K1 5Att, Hx. 
t£1#P»W4- 1 9 6 5 1 3^mcmyr^fLT^Z>£5 

tc, &e%¥%p LorajBawrtotfATfteiBJttSrt 
mttbr rxu-yhttj £w?) *c#tf£<i;5t;:BEM£ 
6 rttcti. H^y^-f > f 1 5 a t&mzMwmmffiw 

OjfeStBJt^iRioS* rT* k -T * fc *6© pl»jy 5 << > F 
1 5 B#RW-6tt. C^rIKjX^VF 1 5 Btc£^T 

1 5 B<DBBP*so«ffl«BJt»J{»^.-y h 3 0tc^>^ 

SA»3tt«k:*<DRlP***i:fc«*^ fiK^PL 
fc:J#-rsSII6<DA»3tBfcft*o 
[0 0 2 6] l/f*;b77Y>K«il6 0H^7Y 
>F1 5ATX«j7hKC»?n/:^^I L 
ti. fgtftfHUvXlSl 7, S^^^-l 8, Ry±n> 
xVltU^X^ 1 9^/M.T, b^^;l/R(D[elSS^^-> 
>W&±X*m&"fy^>Y 1 5 AOXU -y h«(OfflpeiJ 
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[0 0 2 7] M^l/X)tILOt,i:T% l^^/l/R<9 

aa»)t¥»PL*^LTmsoa»fls*i8 (paw* 

tfi/4, i/5») a»«*IRPLOlS«kffifc:E 
«fcHE¥*ftSo ^O^TtSl^ti, Cri/NJtOtBfcOS/ 

CO 0 2 8] CCD£^ U^^;l/Rfri, U^;l/X«r— 
2^2 0 A±£K*{*«F**U l/f^;l/Xf—>*2 0A 
fcfc. lx^;l/-<-X2 0 B±^X7?fqJtciP5i^B!)T'^S 20 

X#|qk Y;5rSk |nie^|ql^1»B6T#§«t'5tc 
ii«nti^o W;l/Xf-^2 0A 
R) ©2^7t:WftffiH, Rt/ialEftttlBi6*J»^.- y h 

tcS^T. IBKj©Jffilix-'y h 2 2 rt^IEKi*-* (V 

—>~2 0 AO^S^Jg. Rt;{itSO©JffiI^:fT^c 
[0 0 2 9] ^x/NWti, ^XA;t;l/^H^ 30 

LTZf;l/h7f-v ? 2 4 Z±tc?S^«f#^n. Z^;b 
hXr-^2 4 Zte, aB3t*5fiP L ©ffiBSfc^FfifftX 
Y T 2 § X Y Xr-^' 2 4 X Y± 

liliS^n, Zf;HXr-^2 4 ZMXYXf-^" 
2 4 X Y<k D^XAXf- ^2 4*^JS)c^tlTl/^So Z 
f;l/hXr-> ? 2 4Z(t ^XAWWt-^Xfii 

TS^Tt^PLOf&pBtC&^ii^, XYXf->*2 
4 X Yli^xy\WOX;£[^O^jii6tt. St/X^rn], 40 
Y^lfij^cOX-r^ev^fr-po Zf;l/bXf->*2 4 
Z (*x/>w) <D2*7£Wft{aH. atflHHSftttH»»J 
ftLax-y h 2 5rt<DU— IfTStfJCcfcoTUT^^-rA 

oflJSfltlBlcS^T. i»S«ix7 h 2 srtof&ifi 

^6— ^ (Ux/^-^f) te. XYXr-5/'24XYfl) 
^Siig. MfiiOW^lT^o ->x/NWcDIiH£KM 
ti, 3ESUW3S2 7atfflBWW»3.-y h 2 2*ttLTU 
f ^;UXr- ->'2 0 A^lsie-rSd^-^ffliE^nSo 
[0 0 3 0] ±W^2 7(i, Uf^bXr-v'^O so 
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A, J&XSX YXf-^2 4XYC0^n j rtXO^ift&B. 

BlM»a-y h 2 2Rtf 2 StciMSo fit, j£3EB 
ftMlCl*^ Uf^^Xf"^^ 0 A^j>lTM^;l/X 

-X75TIR1) fcMSV r -ejfe«*tl*<Dfc:ra«BLT, XY 

• V r (j8(iU^^l/R*>&«>x^W^(DtaRfiS 
[0 0 3 1] £/c, ±*JW^2 7{*. ±^l/f^;V7" 

ffl^2 7ti, »)XAW±(DSi/3 7 H«Ol/^Xh* 

T, ^M^x^h3 0^^Mfi6LT^^|g7 , e^-- 

««^©3feat«3fcBfl»OJB*A^»JW^ 2 7*p&Bft*J 
ftlrLXy h 3 Otcfg-tf: g*|il»ixy h 3 0 

&A r Fx*i/Ylx-^iil Ofg)t*Ba5&-rSi:« 
tC N -f>-ryu-#-bV*9*^LTta»3t*lKPLtc 

S^BHSfemc o U -b y h^ntv>5o fit, BJtSiJ 
»a-7h3 0m S^Q£5lc^OA^^O»# 

^SBJfcfS^^xyNWiOU^XKDS-jS 
Ti8jEBftS3W#5n*<fc-3fc:. A r Fx^^b-f 
ttSUOffi* (^fiH«». Rtf/Vl/Xx^;^-) & 

xsnm^m^^mm^vm-t^ fit, a^>a 

*y hggi|S'\O^SB^O*l7^(C. A r Fx^i/Yl/- 

[0 0 3 2] ffltDZ^l/hXf-i/^ 4 Z_L<£> 

^x/N*;l/^H<OiSfiS»c«*B«aJS<t 
^x^3 2^BSB^n. i»Kxjr3 2 0*tUfi^t 

mtw®^-v v 3 otc«*e$tiTv>* 0 mkx^ 

3 2l±. ^ft¥*PLfc<fc3B#««©£#*«3* 
S24)§ft®*W*, XYXf-^2 4 X Y^riBiSLT 
*<ommn>^Jt¥3kV L(OB)ttffi«*«9fl[HJcR 
mc^: T% SCt^IS P L *iiifl LfcJK^^l/Xjtt 
I L<DJfc»*M-fifJT$«o *MT*lt >f V-r^U— *-fe 
>-9"9RO : KaMfi^x^3 2 0^dtift^^ffl^TSiJ7 , d 
^P L<DaiS^«:tHPJ*rSo 3 2 

*oBJtt««rtT(03tta»**fhai'rsfc 

[0 0 3 3] WJT'tiA r F x^^vU— *f Jtfi l 

7 a, 7B. ^(c^^^T-ri^vx i \ —^y^>v- 



(7) 
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[0 0 3 4] *OKttS«tfXQtiUfttd\ 
SAM £ <0^&«lR^ff totifc»«* tiSftSKJcfr a 
■ (SB*f % n-h« N &#giJ N mm. *r^5* * 10 

[0 0 3 5] ^ic. *tf a filBJtt 

2 (D&ymtfm&ytmzk p l oi^w:^ 20 

£tl£ 0 fit, A r Fx+^Tb- IfTtiB 1 CD^;1/X 
JSft#H»&2tlT. tf-AX^U y $ 8 tcA&hr&s^ 
i lo— sp^sw*tir, JR*PVi/Xjtti l i 

IC, taJB3tt*3SPL*ii»LrcJR^^l/X)ttI L 2 te\ 
BH»«*— *3 2l£AtfU -Of^U- ^-b>-9-9(D 

TfrMfflirLXy h 3 OfcffiOi&StiSo 

[0 0 3 6] 0 2Kl:fcl^T, ^>f^l/-^>1f9(0 
«tt«t*(i, WWMlfcxxy h 3 0rtTif-**-;l/K 30 

(P/H) 086 K 5tf7tny • -r^*;l/«ife» 

(1UT> r A D C J fcPf-£) 6 

e i fcLnasfjaa*tm[SB6 3, atfx»««*4J« 
6 4ic«jie«nrv^o inaiimim 6 3 . xmyt 

[0037] — aasja^ex* 3 2(D&ihmmZs m 40 

ADC 6 6*^LTSi§x^;U^E o ^LTBgSI$ 

w-*«6 3»i:«ift*nT^o BS»aa*fHi«6 37? 

T«K3t*IRP LcOjg®^T (=Eo/Ei) ^S* 

ffi^AS*x^;l/^-E («*) LTA»«x* 

^SIWgP6 7icgt*e*rSo AS*l£x*/l/:£— el*. so 
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»«6 7B, «»snsaa*T*flwesn«A«»x 

30 T (e) T£«U C^HBifcT (e) *«'J6 8 

fc**s-r*o fit, «3ifi«pK:aa*«»«6 7«, a 

»*lll»»6 4 ft^ttf&Sn^A^x*;^- e % 
*0^t'J 6 8fr6tt*ffl«nftH»T (e) tCftAlT 
SilfclCioTiftOaK^P LOilil^T (no 
w) COSSil^T (now) *fMffl§B 6 9 lc« 

IStSo ^HaVC&Stf. SUfflgP6 9fc:ti\ ADC 6 2 
fr6©XMx*;l/^E i ^«^^nT4b'D. IWf*ff6 
9Tii\ fOAItx^M-E i , RtfiSiS^T (n o 

w) ^m^r^^^yN±<DU^xb(o^Tcom^^iy 

[0 0 3 8] *«fc*V>TfiJ»)fc¥!RP LOili® 

*<D^ffc#ttiH>JU *otWll6*h:16^^T«)Wi*!llp 

0 2 tc^-T<fc -5 BROT^ex* 3 2 OSftBBtffiRft 
*5RPLO«}t««k:»«sn, H«^-Y>Kl 5 A 
BLXfPinzf^ > K 1 5 B Ofe^^IlP?^ 1 0 0 % 
KR£Sn« 0 coCJ-ptt, JSIBft^PL A 
»x*;l/^-(D«^:ffi £ Mil^ £ OIH«**«) SO^I 

^K^^n, uf^;i/Xf — z?2 o Ao^sfctrfoft 

&t\> ^LT, A r Fx^^TU-f ^ 1 

[0 0 3 9] ^ntC^<X-ryy 1 0 2K:fc^T. El 2 
©RTfcf&JWxx^ h 3 OtWyf^U- ^-t>+^9^ 

tffg&tS^ex^ 3 2 <DfcH;fcj<I-^*MJUfc:HK K> i&tr c t lc 
<fcoT, tS^^^PLtc^lS^AW-rax^^-tc 
J*i£-rSA*fx^;l/^-E i . Rtfta»3tt*IRP 
(B*cffiffl^«x*;b*— tcJ*JS-TS2iax^7l/4 r --E o 

Mi#S[S6 4TU AMx^;^-E i £:St#LT^tl 

5 T'OAItlx^;l/^- e L . Hg^^^ltSfSP 

6 3"t?*±aia^T (=eo/ed ^stb-r^o c(di 

1,65 O^t? D 71/ KdlK^ffiffl IT, 

AltTtMS^gpe 4 T*i*WOT*Bf£oU'>^»J y ^ 
h r*IK*«W"r tiff J: < . tS»»»4itfffS 6 3 T* 

[0 0 4 0] X^yy 1 0 3lC*5Vvr, ^Tt^JffiJ 

^lx 7h3o faommmwiwffl 6 7 t*^ x »y^(f 1 a 



(8) 
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bpbt% &mm&^(DAmm^*;\s¥- e . Rtfaa 

^T^^D3it?o SOXf7yi 0 4m ff9J**7fr 

l/^o tfflJB#IHl±. -MillTSs e cHRl 0 s e c 
T^Sc fit, Xf7^1 0 3<DaiS*i»»SP6 7iC 

fWfy^i o 4 3b^7fy/i o siz&ftLT, a 10 
a^Skllffi 6 7 — *OX»ttlx*;l/*— e OiS 

fcLT»»)tt*5RPL(Oaa*T (e) **ftT^*U 

6 siz^mt^ 0 cnti, xiix^-E i 

Tfe^o *<oaiS^OB8»T (e) «S21«t©7f 
7^10 9T*ffifflStlSo 

[0 0 4 1] j£*B»*fr3»^ 7fy^« 

fcBttftWWfcKWW (RTSW^ffieoa^MW** 20 
tr) kOW**flB^Tff5C4:A^tonSo HP "5. ^x 

tiwyy httoB3t»«*5iifl-r*«Fra*^. u->* 

lt^ns^d^^x/NX-r-^2 4 (D^SciSJSRtfBJt 

[0 0 4 2] ArFx+'>Vl/-f)tgl<?)# 
fW^fcDoaj* (IP-5, SSfija«»x/Vi,xx*jl, 
<DS«t£:Eo [W] £iT£ 0 Htc. WT-Ptt* 

it, sa9^*PLo»»iaa**To . xu^h* 

<DBJtai«OBSa^ S [cm 2 ] , ^OS^iatD^S 
^fp]Og$^L [mm] % [J /cm 

2 ] f?Z>£^ *»B3tWf0^x/\XT— 4 0j£* 
aSJBOSJRBfiBVwo [mm/s e c] «\ ^<t9^^ 

[0 0 4 3] 

Vwo = (L • Eo ■ To)/ (I • S) (1 ) 

£SBftliHteiK%lci±. ^x/nx^— >?2 4tf*©^* 
jiS^^^^^tC, U^;URfc^x^Wfc<Dffi*tfWft 40 

«?n§i:, i30Xf7/i o 6lc*5i^T. m\ 
\cttr& 5 icls?- ? jisXr— 5? 2 0 A±lcU^;l/R# 
ti?n, *>X7N^-r— >?2 4±©£x/\*rt/$fWHfc: 
l^^Xhjb^^^ti^Ox/NW^n— K*n« 0 
T. fg^J'^XL - 7b30 WeA»ttx*;l/^- e 0 
te>J -fey h£tlfc«. L/f^;l/Xf-^2 0AM^X 
>^7—is2 4<D^S^BB56^n. ^ItcDHWitfffiSn 
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^pJi&^^VKl 5 B*m^Tl^*;l/R<D^* — > 

£ c m^y^-fyv 1 5 a, ^tfpjgj^^^^K 1 5 b 

<0tt^WaMP*OflHBtt, 8 2©A««liiMl|S6 4 

[0 0 4 4] ^ IT, Xfy^l 0 7£*>^T\ /VI/ X 

FEES 6 1 > MADC 6 2«r^LTAI*x^;l/4 r -E 
i tfW*IS*U MAMx^-E i #JOUfcA*fctB 

a»gP6 4tc«*&«n« 0 fn^<xf7y 1 0 sic 

*5^T, A»ftS«#g|5 6 4 m ><;l/X3Sft«K:«*g 
*n5AWx*;l/^-E i (utOkJ?0||p$**i:T 
f#^n^x^;l/^— *«M^T*ft£T>©AI#ttx*jl/ 
e ^3c46. £ <Dmftfflt&frZ<DXmm^*JV¥— e 

«ajA4siRivffi6 7 tfitjf&-rs 0 ^xf^yi 091: 
*5^r. a»*WMB6 7-e«, ^-ty 6 8^6g?^w 

Lfe»jS**a-rB8»T (e) cip-6. a»*-r-*) 

T?SfiE<Da»3ie¥?RP L©aa$T (now) ^nm 
U SttiLfdSifi^T (now) ^8HJ89ISP6 9tc«*&-r 

[0 0 4 5] *OXf^yi 1 0T\ fcJ@P3$6 9 «\ « 

msnfcSia^T (now) tcs^T^^i/xft i 

LOffi***iJW-rSo CCTU »)x/NXf^2 4£D 
j£ffi3lJgVw£- (1) ScOVwo J^eaftS-itftC^tflO 
fc-TSi^ ^x/nW±©S-^TOB%B*— ^tc-TSfc: 

ffi) TO!H« (*ffi«FHISfet). *ffiBiSfeOOx* 

SJa^T (now) (D^b*ffia-rsj:-5tc (^Oig® 
(now) tCJSJtfJIJ^^T) . A r Fx^>vl/- 

mmj (now) offi^Ti . sse^t^p L<owmm 
m mmw) *e<> ^lt, ^x/nit^^/^x^ 

1 LORQg*— S»C-rsfc«)OA r Fx+^U-f* 
ilOBSaiWEi fc-TSi:, Et ttt(TO«t3li:* 

[0 0 4 6] Ec =Eo x (To /Ti ) (2) 

yl/X^I Lcom*tf (2) 5£<fc9#ftfcB«tt»rtEi ^ 
^^J;3tC, A r tfJtBl (Dffi^j (fgffi 

«i«a». Stf^UXX*;!/^-) > XtiW^®7ttl6T' 
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tmjLx^^t^iat. mmznxfx-Tvzfi 07 
-i i oicm^Tm^<ommmmxmsyt^p Lcom 
rootm. mntwxfti L<DB«uj*rEt <omw, 

RZfA r F x+v/ Y U-f M 1 OttiASJ Wff^tl 
So fit, j£aEII^»TLfcfc#Jctt. »m*X-r 
yZfl 1 1 ^5Zfy^l 1 2lc&?fLT* A r Fx+ 

JfoWBfTLfc* ttfy^l 13), ^>3 7HW 
^©■3fflllttffB»«h8 (XT7^1 1 4) o #tf>-> 

[0 0 4 7] ccQ<fc?tc*#iJie£ft&\ ^>T^U-^ 

XAiTWA;l/Xft I LOESlgtf-^fcifcS Zoic 
A r FX+S/71/- 1fJfcaHlOtB**»JWLT^Sfc 

So 

[0 0 4 8] &3b\ ±a<0*ttO»«T?tt. 
P L^jgil^tCiSCTA r Fx+i^Vb-ftt 1 <D£B 
ASSWLTt^tf, (l) iU;D#frS<fc5U:, B3tt 
««<30m*Eo tf— igT'Sfttf. fi8mPLOSI 
*To fc^x^xf 1 — ^2 4<Oj6StiiAVwo fcfiittRI 
"f SH&tCfeSo ^CT\ JSJ&ft*»P L<Djgjfi^T 

(now) #£{fcLfc«*fctt. iM*©aj**-£ 
iCLTfcl^T. Sifl^T (now) tCttMLT^x^X 

4CD^*ilS^»JIBlUTfecfcl/>o fib. COW 30 
«U±, ^5g^/S^X^~v ? ^^^S±Rg^iSIL^^rG 

[0 0 4 9] ^IC. *^O^2<0*fi85<D^S|tCO#Ui 

So ^ct\ *eytc*5ttsa»jt^p Loai»*<o^ 

?-^-h*#BHLTKWrSo PL 

oaa*«fk*w-jH!i-rsi8fc:, ms^Bjt-rsu^^^ 

R ^ffiffi L T d ft*ISIB<D WW# 4: Wiaifc: jfeJE* **o 40 
£OfH9J<DgS<Dia 1 0 A (U^ 

;l/R) (DTk&m&ZVu , A r Fx+'>VU-1f5t8l 

[00 5 0] V B /E B =Ve /Ee (3) 
fit-SHtctSK^^PLtcA^-rs^SA^ itSW 
V n =Ve fc450^S$Lt\ ftfe. C<D§H»J<Dfg, so 
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a 2 <Di8»ft3*3S p l icmmicxmf zytm&. << >x 
»Tfes 0 a*. /^->mi&mi± i 

SnSJIlx^rEoli, AtfrsftSlcL^^l/ 
R©/**-:/aaWfc, t9Je**3fiPLoaifl*4:*» 

^I/RORif-'r— * <fc 9 U^;l/RO{iBXOfl8S£ L 
TKSrefc!), *»S»ftttJ8JB3tt¥3RP LQigifi^T* 

n§AMx^;^-E U P&WM*rX*3 2^LTlt 
SlSftsaSiSx*;!/^— E o^rffl^T, U^/l/R CO/^ 

*->aa**(ft«x(OBiiaTR cx> , srjimmsp 
Loaa^Tt-rntf. OTo^oaM^PL 

*OH»TR (X) |c«\ IS77^>Kl SARtfRf 

So 

[0 0 5 1] 

T= (1/TR (X)) x (Eo/Ei) (4) 

JfefB4(0Xf77l2 1tfet^ @2^ 
-Tcfcdlc. tSKft^P Lfl[)»JtffiWu!!gfl*fi^n*3 
2 4}gftSQ#K^Sft. U^;l/X-x— >~2 0 A±lcU 
^^/I/RtftiSn, Ix?-*;!/*^— S>2 0 Ate^SIU 
tefiStC^ffij-TSo ^7T7^1 2 2lC*5^T. 01 
2 7 £ £ o T0B^«^H*<O*X h n y tf ^ 

WfflS ft, U^*;l/R©jtfi*riRiOtfl[HXfc:»j6Sf a 

^->2®$TR (X) jb^tiJSftSo Xf 

7/1 2 3fc*V>T. ±SUWIS2 7 0m^CckoTlllB 

o»J««fi:B«Bcl/f *;bXf-y 2 0 A 

R) <Df&M&ffl%rt£tl, ArFx+i/vU-lfltSlO 

fatfeMteSftSo U*-*/l/Rtt+#GK Xt±-X#|*o 

tc^fi^TteMST^SSftSo 

[0 0 5 2] fit, Xf-y/l 2 4"C\ IBtt$lJfflIZLX 
7h2 2«r/^LTft89ISftfc^^;l/X-r— i?2 0 AO 
ffi«XW±»JW3S2 7t«*esft, ^;l/X567 I c«tc^> 
f^l/-*i!yt9*^LTfl'ffl*nSA«x*;l/*- 
E i 3b^iBSj8iB¥tMVSe6 3. Rt>*A»if7tfi«»gp 6 4 
tC#t^Sft. BH»«^:-*3 2*^LTM-«SftS»ia 
x^;l/^-E o^ifiSSil^tUCgPe 3lC{ttJg£ftSo 
*%<D7sTVf\ 2 Std^^T. i^Jffll^2 7ti\ 
^Xf- % >*2 0 A OffiS X & *) '*)l'Xf£yt<Dfflm& *) JS 
^I^M^/^->lI$TR (X) ^gfflL, HE 

m«**tt»aa*twsB6 3. acfA«)t*a»»6 

IcA&fxiM/^-E i tC^(D/^->a^TR (X) 
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* (4) mcRAi>T&&ft¥}hPL<DMmmT*Wrm 

U W-W-gm*S51*lft»a5 6 7 IC^-T?., *<!)Xf 
yf\ 2 6TStSim7i:^5ST\ BP^l^^^^R*^ 

-f\ 2 ScoiJjfWiiStijg^n, ifiiJ;Ws*TL/c£:#lcx 

P L CDjgigSp T £ AtJ&sX*;!/^- eCDfflMT 10 
(e) £LT*#k CCDmWLT (e) 6 8 lc*g 

to o 5 3] *<r)'&. mmicTkMrnytzftsm-sicit, 

feW^nr, A r Fx+->?l/-fMl cDlgft^&i 
iglfjMeH^L— -v h2 2tat) b9 L i'M'R<D{4BX©fHIJ 
SA»x*;^-E i OffMiJA^ffens 0 LT, U*- 20 

^;i/Rofiittx«fc»)wai^n«^^->SjS*TR 
ex) #h 2 coxsmmm^ e 4 tcw^n. xs^t 
mm^6 Aitxa^^—E i k^-cd/^-^;® 
?tr (x) *mvrcmz®-ftLTX<timx.*ji¥-e 
srtf-su tnw8s*aH*»waP6 7»cfltt&f *. x 

f'yT'l 3 OlCfct^T, igj©*$!gg|S6 7 Tti. Xf^ 
7l 2 7T^t'; 6 8Kmm%nrcM$lT (e) IC^co 
A8**8x*;M*- e^AL TSftOS^^^ PL© 
3Sil*T (now) *»tiU 8tUt§K$ftJttlff 6 9 (C 
««e-rSo fLT, $iJffllgP6 9T'{±, Xf7^13 1t 30 

*5i^T, xr'^i i o tmmc&szyt^&p Lvmm 

*©^3Kj*ffl^gLT , >x^W±-C 5 ©^/VUX7 , 6 I LCD 
<DXT7/l 3 2—1 3 5(iXr'>yi 1 1 — 1 1 4 t 
[0 0 5 4] C <fctUf. U^^Urv^ — 

Lcoa^^-r&BST (e) <DB-hmmcmt?Z>& 
nfefeSo ^CT\ ^273lR]S(c^-coPSlT 1 (e) . 
T2 (e) ^i6T*5t, ^iS)tBS(C(i^S^I«l^jS 
DT^cDHaifcT i ( e ) . T2 (e) W^ttSJ:? 
icLTtxfcV^ CtllcJcoT. l^?;l<cr>/^ — 
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[0 0 5 5] *IC» *fgB^£Dm3O^fi6c0Jf^CO^gft 
HJf-f3o *fi«JT'tiaicDS»M^SB*ffiffl^-5^ * 

2<Dmfa(DBmicis^Ti±, &&ytm%: p l <DMmm& 

Tii^5->3 >y hOSrt^T^ #cd~>3 -y \~<Dm?tffl 

K^T, ~> 3 -y hrs-vmmm^wm^m^T'^mi, 

\c< <&*K mzmymW<r)7s)\<--f'y Y<r>fa±.ikWi2> 
fclbicisa -y hRHOX-r -y kf >yB$RSaf^^St§^ 
fCt. ->3 -y hP^T'CDii^cOlHltl/j^+^h^SStl 

[0 0 5 6] ^Jtfc^SJgygTt^P LCDJg 

ii^co^fk©tfl!Ji!im Rrj^S^ft^to^, 0 5 

lascox-r-y^l 4 1 — 14 5fc:fc<^T. fl 1 coHSSco 

micox-r-yyi oi~io5 tmmic cmzvmmo 

BM<DX"r>y7l 2 1-1 2 7 £:IW]tli-c?t>cfci/\> , ^J- 
^;UX^£ I LcDPS*f*cD£i$ft^P L co^il^co^ft: 

T (e) ^rSR^T^-tU 6 8(Cieit-r^ 0 ^lc, Xt7 
71 4 7—1 5 0lC*3l/^Ts ?SJ^U*</^^C0JS^^ 

•To 

[0 0 5 7] I(W9IC, Xf77"l 4 6-e«jeit*3SP 

a. r^m.itmmMM ^ nrc^MT, a r fx+->vi/- 

1f3tt* 1 cO^3t*0ih-rSo Xf'y7*l 4 7 T- 

Xf77"l 4 8{iIt5V>T, @2?)Ar Fx+i/vb- tf 

T^jf. i ic«rawfcg/jvvi/xacofi^%^t>-arT, mm 

^*ttSSP6 3 1C*5I / >T, Jg^x^^— E oRZfX 
»x*;l/^-E i ±»)S»^3RPL©aia*T (= E 
o/E i) ^r©t±JL, CCOSja^T*S)S*8ISta56 7 
C03«a*0tfiB!l*Rlr^lBltt*DigL, ffi" 
IiJA^TLfciltlilltiffti^^-yT 0 ! 4 9id>P,Xf77* 
1 5 01C^ffLT. ^iS^}||ggl5 6 7T'f± x ISR^Jfi 

p KDmmmT&mft'WxK i Lco^#ih*^co^ 

il^FP^ t cDHi&T (t) i:LTjfif«L. COMStT 
(c) ^r^^U 6 8tia*-i-*. ^-cDMSStT ( t ) i: L 
Tti, ^ »«a**Si: L-fceii^P^ t co 2 *JM±OH 



(11) 



1 1-16 8 16 
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[0 0 5 8] 06<Dft3§t7 0 Cti. SfSWWXifc I L<D 
aa»ff ±»OJ9»Jt*» P L <Djg^ T (=Eo/E 

i) (omt<o— coia6©ffiiiiittiwff±^ 
fe^o ft«7 0A{*. ^ia*w-aijffl^^rawjc« 

«e«n*A»x*;l/^— E i (ffittffi) *a*U «H7 
0Bf*> *<DXI*x^;l/^p— E i fcftfcLTtHBSftS 
SIx*K-Eo *SLT^*o ^OftS 

7 0CiD»fr*i3Jc, SK*P WX3fc I L ©BSftK?± 

*t a\ js»)t^3R p l (ommm t < iaa l k> 

a*fcffiTLT^Se ^^eU6 8tc{^ t<D\&m. 

7 o c*i£iHLfc«ia^Hi t <ob«t (t) tfteti^n 

[0 0 5 9] *©«©jt3iWfcBffc:fcJ:, H i Oafe»J»3fi 
2 7^&H2 0Sia^iS»gP6 7lC»LTJS*i^1/X« 
I LOESS***, XttH^tf 7 bH©Xfy t!>y 

flHB3^«i&*n«o x». aa*a*«6 7m ad 

C 6 2frBOA»x*;^-E i <D*»C<fc oTHB»* 
*23**WSLTfeJ;i/\> C(7)<t9tCbT. 20 

;l/XJttI L*B»***if3**ffl*U SHiWTffcSi: 
Xf7^1 5 2tc*5t>T. BT^^^FfflraPHTA 
^ffla^SP 6 4^5 OA»8x*;l/*- e 0 a 
X-r^^l 5 3l£:fc^T, COAI«8x*;M?-- 
e, RtfXfyyi 4 4Wt'J 6 8fcie*SnfcBB» 
T (e) «t0ta»3tt**PLO3H«E©aiS*T (no 
w) ^**6^>o fLT, HTOXfy^l 5 
Xf'^l 1 0^l«iai^-?-©Sia*T (now) (D^ft 

*ffl«^£ck3lC^^<;l/XftI LOUJ*|*#J«IU « 30 

15 2-15 4«WBI^tl^ 0 
[0 0 6 0] Xf7^1 5 5T^1I^^7 

U Xf7^1 5 97 1005/3 7^^1^8 

7-rs^. xf7yi 6 oTtauos/g v Mi^^i 

t^^ldi, X7^y:/i 5 i i:l§ 0 cotl^cte. v 

6Xf7?l 5 6»c»fTLT. Sil^iHffg|56 7 ttjfrT 

t c e ) cfc o s asftoa»3tt^PLoaa*TA*w- 

§liu^XT7 7 P l 5 7fc*5I^T\ jESsfSSSSgP 6 7 
Bt, RtfXfy^l 5 0TiE«SttfcBBftT ( t ) «fc 

Dssotaiejt^p Lcommmr B^sa-r^o c<d 
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-r3£, xf7yi 5 8tc*5i/>T, 3Sia*ia»gp 6 7 7 

2&S*T (now) ^gfflt^o 
[0 0 6 1] 

T (now) = T A • T B /T C (5) 

^LT. *©->3 7 hfiS^O^SKetfHJ&StiTli 

fftfXf7^l 5 l frfixfyyi 5 2tcmf Lfc£* 

tea, «jg)t^PL(oaa*o«jaBfl[* (5) 

6 1 TlMW^Tt^c 

[0 0 6 2] c<Dcfc3»c*MJi:j:ntf. ^3 7hM7K 

0 5Oxfeacii^^tc^x/NW±^iHi^^-> 
*Mt«iiTffl^si&o»ffo-«lk:ot, 0 7 

T7^1 7 1 K&^T, m 1 ©l/f^;l/Xf-^2 0 A 
llcl/f^l/Rtfn-K?n« 0 ^<DXf7^1 7 2lc 

*5l^T. Bft*tft<D*X/\ (^X^W^-T*) ±tC^S 
I^If Xf7^1 7 3fc*5V»T, fO^XAWl 
©^II±i:i/^xb^i$im ^x/nW£;(*I 1 <D 

tC, Xf7^1 7 4 tCfcl^T, 05OXf7yi 5 1 ~ 

1 6 1 z-eowjfttmmic, mm^p low© 
^{b^ffl^-r §«fc5ic hp % * x/ n w± v<om^ ^x 

ht")xaw±os^3 7 bmmicmyttZo 

[0 0 6 3] ^(Dfe, 7.TV~7\ 7 SlCfe^T, *>X/n 
W±OU^Xh<03S««rfi : V\ Xf7^1 7 
yxh^-y*YX^^lt«)x; nW±^4IIOx 

tc£oT. RfT^)[elS&'^— >*^x/nW±(DS->3 y 

[0 0 6 4] &*5. ±IE<DHfiE<DJg»te. *^^Xf 
7^-7>K« X**>#5£©fiKBft«Bfc»fflLfc 
fe<0T$5^ »iXf7y • TZ/Y • U tf— 

sois^iiTt^s (x^>y^-) T?s^-r tig 

30Xf 7^1 1 O^D'l 1 ncttJ6-T£X@-£\ »>x 
[0 0 6 5] ft*,. *f£0J3(i±)S©JlfiScDJg!SlcfE^^ 
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[0 0 6 6] 

[0 0 6 7] S3ttf©Sffiffi±T€)^g«rtf-«!l 
[0 0 6 8] Scfc. *mR*7~.T'y? - T>Y ■ X+-V 

LJTffii^tfaisffiT— ^<o?ifi*M#p.n* <fc a tcss^m 

[0 0 6 9] #fgBJi©[5]&fVWX<D§!Bg73?£tC 40 



f£Hfl¥ 1 1-16 8 16 
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[01] *«WOH«iO}gBTffiffl*ti*a»B3ttSieB 
[H 2 ] *«TO©BB©}B»T?«!Bft3*?fc P L <D&7&m 

l ©Btt««fc»»bfc:i^*^-«raiB:7n y ^0 
[03] *5%m<Dmi<Dnm<o&mizi3if&mzyt¥3& 

[04] ^mmmzcDmMvfcmfc&vzmzyt^ 

P L cDSil sfsfflBlMK RtfBft»fE*jjV*-7ci-?-* 

[0 5] *$mv>m 3 (DUSiio^tcfetj-sjsK^^ 
[0 6] *<Dm3<Dmtf&<Dmm-cntffl-£tizm9\-JWx 

[0 7] J g-©^3©HB£©}g!lKfel/>T|aI8S/^^— 

1 ArFl+->7U-OT 
1 1 

8 Vf-Axyjy^ 

9 -Of-^b-^-trV+f 

1 6 U^yl/T^^OF&tfS 
R U^/b 

P L 

2 O A UT-^I/Xx— 
2 4 -yiAXf- i 7 

2 7 ±«y&$ 

3 0 BJttfilWi-v h 
3 2 SSttS-tX* 

6 3 mmmmmmmm 

6 4 A*tft«*#gp 
6 7 j§iM45ijill?3P 

6 8 ^ 

6 9 frJSfStf 
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